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ELECTROPHORETIC DISPLAY AND 
PROCESS FOR ITS MANUFACTURE 

This application is a continuation of US. Ser. No. 10/388, 
890, ?led on Mar. 14, 2003 noW abandoned; Which is a con 
tinuation of US. Ser. No. 10/092,936 ?led on Mar. 6, 2002 
now US. Pat No. 6,831,770; Which is a continuation-in-part 
ofU.S. Ser. No. 09/518,488 ?led on Mar. 3, 2000 now US. 
Pat. No. 6,930,818, and claims the bene?t of US. Ser. No. 
60/345,934 ?led on Jan. 3, 2002. All of the applications 
identi?ed above are incorporated herein by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 
The present invention is directed to an electrophoretic dis 

play comprising isolated cells ?lled With charged pigment 
particles dispersed in a dielectric solvent. The ?lled cells are 
individually sealed With a polymeric sealing layer. 

b) Description of Related Art 
The electrophoretic display is a non-emissive device based 

on the electrophoresis phenomenon of charged pigment par 
ticles suspended in a solvent. It Was ?rst proposed in 1969. 
The display usually comprises tWo plates With electrodes 
placed opposing each other, separated by using spacers. One 
of the electrodes is usually transparent. A suspension com 
posed of a colored solvent and charged pigment particles is 
enclosed betWeen the tWo plates. When a voltage difference is 
imposed betWeen the tWo electrodes, the pigment particles 
migrate to one side and then either the color of the pigment 
particles or the color of the solvent can be seen, according to 
the polarity of the voltage difference. 

In order to prevent undesired movement of the particles, 
such as sedimentation, partitions betWeen the tWo electrodes 
Were proposed for dividing the space into smaller cells. HoW 
ever, in the case of partition-type electrophoretic displays, 
some dif?culties Were encountered in the formation of the 
partitions and the process of enclosing the suspension. Fur 
thermore, it Was also dif?cult to keep suspensions of different 
colors separate from each other in the partition-type electro 
phoretic display. 

Subsequently, attempts Were made to enclose the suspen 
sion in microcapsules. US. Pat. Nos. 5,961,804 and 5,930, 
026 describe microencapsulated electrophoretic displays, 
Which have a substantially tWo dimensional arrangement of 
microcapsules each having therein an electrophoretic com 
position of a dielectric ?uid and a suspension of charged 
pigment particles that visually contrast With the dielectric 
solvent. The microcapsules can be formed by interfacial poly 
meriZation, in-situ polymerization or other knoWn methods 
such as physical processes, in-liquid curing or simple/com 
plex coacervation. The microcapsules, after their formation, 
may be injected into a cell housing tWo spaced-apart elec 
trodes, or “printed” into or coated on a transparent conductor 
?lm. The microcapsules may also be immobiliZed Within a 
transparent matrix or binder that is itself sandWiched betWeen 
tWo electrodes. 

The electrophoretic displays prepared by these prior art 
processes, in particular the microencapsulation process as 
disclosed in US. Pat. Nos. 5,930,026, 5,961,804, and 6,017, 
584, have many shortcomings. For example, the electro 
phoretic display manufactured by the microencapsulation 
process suffers from sensitivity to environmental changes (in 
particular sensitivity to moisture and temperature) due to the 
Wall chemistry of the microcapsules. Secondly the electro 
phoretic display based on the microcapsules has poor scratch 
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2 
resistance due to the thin Wall and large particle siZe of the 
microcapsules. To improve the handleability of the display, 
microcapsules are embedded in a large quantity of polymer 
matrix Which results in a sloW response time due to the large 
distance betWeen the tWo electrodes and a loW contrast ratio 
due to the loW payload of pigment particles. It is also di?icult 
to increase the surface charge density on the pigment particles 
because charge-controlling agents tend to diffuse to the 
Water/oil interface during the microencapsulation process. 
The loW charge density or Zeta potential of the pigment par 
ticles in the microcapsules also results in a sloW response rate. 
Furthermore, because of the large particle siZe and broad siZe 
distribution of the microcap sules, the prior art electrophoretic 
display of this type has poor resolution and addressability for 
color applications. 

SUMMARY OF THE INVENTION 

The ?rst aspect of the present invention is directed to an 
electrophoretic display comprising cells of Well-de?ned 
shape, siZe and aspect ratio. The cells are ?lled With an elec 
trophoretic ?uid comprising charged particles dispersed in a 
dielectric solvent and are individually sealed With a poly 
meric sealing layer. The polymeric sealing layer is preferably 
formed from a composition comprising a thermoset or ther 
moplastic precursor. In one embodiment of the invention, the 
cells are partially ?lled With the electrophoretic ?uid above 
Which the sealing layer forms a contiguous ?lm and is in 
intimate contact With both the ?uid and the peripheral of the 
cell Walls that are not covered by the ?uid. In one of the 
preferred embodiments of the invention, the sealing layer 
further extends over the top surface of the cell sideWalls. 

In another preferred embodiment of the invention, the top 
surface of the cell Walls is at least 0.01 micrometer (u) above 
the top surface of the electrophoretic ?uid. More preferably, 
the top surface of the cell Walls is about 0.02uto 15p. above the 
top surface of the electrophoretic ?uid. Most preferably, the 
top surface of the cell Walls is about 01p. to 4p. above the top 
surface of the electrophoretic ?uid. 

In another preferred embodiment of the invention, the top 
surface of theZ polymeric sealing layer is at least 0.01p. above 
the top surface of the cell Walls to improve the adhesion 
betWeen the sealing layer and the cells. More preferably, the 
top surface of the polymeric sealing layer is about 0.01p. to 
50p above the top surface of the cell Walls. Even more pref 
erably, the top surface of the polymeric sealing layer is about 
0.5p. to 8p. above the top surface of the cell Walls. The total 
thickness of the sealing layer is about 01p. to 50p, preferably 
about 0.5 to 15 u, more preferably 1 p. to 8p. Most preferably, 
the sealing layer forms a contiguous ?lm above the cell Walls 
and the electrophoretic ?uid. 

Another aspect of the invention relates to a novel process 
for the manufacture of such an electrophoretic display. 
A further aspect of the invention relates to the preparation 

of cells of Well-de?ned shape, siZe and aspect ratio. The cells 
enclose a suspension of charged pigment particles dispersed 
in a dielectric solvent and are formed from microcups pre 
pared according to the present invention. Brie?y, the process 
for the preparation of the microcups involves embossing a 
thermoplastic or thermoset precursor layer coated on a con 
ductor ?lm With a pre-pattemed male mold, folloWed by 
releasing the mold during or after the thermoplastic or ther 
moset precursor layer is hardened by radiation, cooling, sol 
vent evaporation, or other means. Alternatively, the micro 
cups may be formed from imageWise exposure of the 
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conductor ?lm coated With a radiation curable layer, followed 
by removing the unexposed areas after the exposed areas have 
become hardened. 

Solvent-resistant, thermomechanically stable microcups 
having a Wide range of siZe, shape, and opening ratio can be 
prepared by either one of the aforesaid methods. The micro 
cups are then ?lled With a suspension of charged pigment 
particles in a dielectric solvent, and sealed. 

Yet another aspect of the present invention relates to the 
sealing of the microcups ?lled With the electrophoretic ?uid 
containing a dispersion of charged pigment particles in a 
dielectric ?uid. Sealing can be accomplished by a variety of 
Ways. In one of the preferred embodiments, the sealing is 
accomplished by dispersing a sealing composition compris 
ing a thermoplastic, thermoset, or a precursor thereof in the 
electrophoretic ?uid before the ?lling step. The sealing com 
position is immiscible With the dielectric solvent and has a 
speci?c gravity loWer than that of the solvent and the pigment 
particles. After ?lling, the sealing composition phase sepa 
rates from the electrophoretic ?uid and forms a supernatant 
layer at the top of the ?uid. The sealing of the microcups is 
then conveniently accomplished by hardening the sealing 
layer by solvent evaporation, interfacial reaction, moisture, 
heat, or radiation. UV radiation is the preferred method to 
harden the sealing layer, although a combination of tWo or 
more curing mechanisms as described above may be used to 
increase the throughput of sealing. 

In another preferred embodiment, the sealing can be 
accomplished by overcoating the electrophoretic ?uid With a 
sealing composition comprising a thermoplastic, thermoset, 
or a precursor thereof. The sealing is then accomplished by 
hardening the precursor by solvent evaporation, interfacial 
reaction, moisture, heat, radiation, or a combination of curing 
mechanisms. 

These sealing processes are especially unique features of 
the present invention. Additives such as surfactants, leveling 
agents, ?llers, binders, viscosity modi?ers (thinning agents or 
thickeners), co-solvents, and antioxidants may be added to 
the sealing composition to improve the display performance. 
Dyes or pigments may also be added in the sealing layer 
particularly if the display is vieWed from the opposite side. 

Yet another aspect of the present invention relates to a 
multiple step process for the manufacture of a monochrome 
electrophoretic display. The processing steps include prepa 
ration of the microcups by any one of the methods described 
above, sealing of the microcups, and ?nally laminating the 
sealed microcups With a second conductor ?lm With an adhe 
sive. This multiple-step process can be carried out roll to roll 
continuously. 

Yet another aspect of the present invention relates to a 
process for the manufacture of a full color electrophoretic 
display by laminating or coating the preformed microcups 
With a layer of positively Working photoresist, selectively 
opening a certain number of the microcups by imageWise 
exposing the positive photoresist, folloWed by developing the 
photoresist, ?lling the opened microcups With a colored elec 
trophoretic ?uid, and sealing the ?lled microcups by one of 
the sealing processes of this invention. These steps may be 
repeated to create sealed microcups ?lled With electro 
phoretic ?uids of different colors. 

These multiple-step processes as disclosed may be carried 
out roll-to-roll on a Web continuously or semi-continuously. 
The microcup structure in fact enables a format ?exible and 
e?icient roll-to-roll continuous manufacturing. These pro 
cesses are very cost effective as compared to typical display 
manufacturing processes. 
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4 
One advantage of the electrophoretic display (EPD) of this 

invention is that the microcup Wall is in fact a built-in spacer 
to keep the top and bottom substrates apart at a ?xed distance. 
The mechanical properties and structural integrity of this type 
of display is signi?cantly better than any prior art displays 
including those manufactured by using spacer particles. In 
addition, displays involving microcups have desirable 
mechanical properties including reliable display perfor 
mance When the display is bent, rolled, or under compression 
pressure from, for example, a touch screen application. The 
use of the microcup technology also eliminates the need of an 
edge seal adhesive to prede?ne the siZe of the display panel 
and con?ne the display ?uid inside a prede?ned area. The 
display ?uid Within a conventional display prepared by the 
edge sealing adhesive method Will leak out completely if the 
display is cut in any Way, or if a hole is drilled through the 
display. The damaged display Will be no longer functional. In 
contrast, the display ?uid Within the display prepared by the 
microcup technology is enclosed and isolated in each cell. 
The microcup display may be cut into almost any dimensions 
Without the risk of damaging the display performance due to 
the loss of display ?uid in the active areas. In other Words, the 
microcup structure enables a format ?exible display manu 
facturing process, Wherein the process produces a continuous 
output of displays in a large sheet format Which can be cut into 
any desired siZes. 
The isolated microcup or cell structure is particularly 

important When cells are ?lled With ?uids of different speci?c 
properties such as colors and sWitching rates. Without the 
microcup structure, it Will be very di?icult to prevent the 
?uids in adjacent areas from intermixing or being subject to 
cross-talk during operation. As a result, the bistable re?ective 
display of this invention also has excellent color addressabil 
ity and sWitching performance. 
The electrophoretic display prepared according to the 

present invention is not sensitive to environment, particularly 
humidity and temperature. The display is thin, ?exible, 
durable, easy-to-handle, and format-?exible. The draWbacks 
of electrophoretic displays prepared by the prior art processes 
are therefore all eliminated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic depiction of the electrophoretic dis 
play of the present invention. 

FIGS. 2a and 2b shoW the roll-to-roll process for the manu 
facture of an electrophoretic display, in particular, the cre 
ation of microcups by embossing a conductor ?lm coated 
With a UV curable composition. 

FIGS. 3a-3d illustrate a typical method of preparing the 
male mold for microembossing. 

FIGS. 4a-4c shoW a typical microcup array prepared by 
microembossing. 

FIGS. 5a-5c shoW alternative processing steps for prepar 
ing the microcups involving imageWise exposure of the con 
ductor ?lm coated With a thermoset precursor, to UV radia 
tion. 

FIG. 6 is a ?oW chart for manufacturing a black/White 
electrophoretic display or other single color electrophoretic 
displays. 

FIGS. 7a-7h are a ?oW chart for manufacturing a multi 
color electrophoretic display. 

FIG. 8 depicts an electrophoretic display cell partially 
?lled With an electrophoretic ?uid and the sealing layer forms 
a contiguous ?lm on the ?uid and extends over the top surface 
of the cell side Walls. 
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DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 
Unless de?ned otherwise in this speci?cation, all technical 

terms are used herein according to their conventional de?ni 
tions as they are commonly used and understood by those of 
ordinary skill in the art. 

The term “microcup” refers to the cup-like indentations 
created by microembossing or imageWise exposure. 

The term “cell”, in the context of the present invention, is 
intended to mean a single unit formed from a sealed micro 
cup. The cells are ?lled With charged pigment particles dis 
persed in a solvent or solvent mixture. 

The term “Well-de?ned”, When describing the microcups 
or cells, is intended to indicate that the microcup or cell has a 
de?nite shape, siZe and aspect ratio Which are pre-determined 
according to the speci?c parameters of the manufacturing 
process. 

The term “aspect ratio” is a commonly knoWn term in the 
art of electrophoretic displays. In this application, it refers to 
the depth to Width or depth to length ratio of the microcups. 

The sealing of the display cells or microcups, in the context 
of the present application, is accomplished by the “top-seal 
ing” methods as described herein in Which the display cells or 
microcups are ?lled and sealed from the top openings before 
an electrode layer is disposed onto the sealed display cell(s). 

Preferred Embodiments 
An electrophoretic display of the present invention, as 

shoWn in FIG. 1, comprises tWo electrode plates (10, 11), at 
least one of Which is transparent (10), and a layer of Well 
de?ned cells (12) enclosed betWeen the tWo electrodes. The 
cells are ?lled With charged pigment particles dispersed in a 
colored dielectric solvent, and individually sealed With a 
polymeric sealing layer (not shoWn). When a voltage differ 
ence is imposed betWeen the tWo electrodes, the charged 
particles migrate to one side, such that either the color of the 
pigment particles or the color of the solvent is seen through 
the transparent conductor ?lm. At least one of the tWo con 
ductors is patterned. The process for the preparation of such 
an electrophoretic display involves several aspects. 

I. Preparation of the Microcups 
I(a) Preparation of the Microcups by Embossing 
This processing step is shoWn in FIGS. 2a and 2b. The male 

mold (20) may be placed either above (FIG. 2a) or beloW 
(FIG. 2b) the Web (24). The transparent conductive substrate 
is constructed by forming a transparent conductor ?lm (21) 
on a glass plate or a plastic substrate. A composition com 
prising a thermoplastic, thermoset, or a precursor thereof (22) 
is then coated on the conductor ?lm. The thermoplastic or 
thermoset precursor layer is embossed at a temperature 
higher than the glass transition temperature of the thermo 
plastics or thermoset precursor layer by the male mold in the 
form of a roller, plate or belt. 

The thermoplastic or thermoset precursor for the prepara 
tion of the microcups may be multifunctional acrylate or 
methacrylate, vinylether, epoxide and oligomers or polymers 
thereof, and the like. Multifunctional acrylate and its oligo 
mers are the most preferred. A combination of multifunc 
tional epoxide and multifunctional acrylate is also very useful 
to achieve desirable physico-mechanical properties. A 
crosslinkable oligomer imparting ?exibility, such as urethane 
acrylate or polyester acrylate, is usually also added to 
improve the ?exure resistance of the embossed microcups. 
The composition may contain polymer, oligomer, monomer 
and additives or only oligomer, monomer and additives. The 
glass transition temperatures (or Tg) for this class of materials 

20 

30 

35 

40 

45 

50 

55 

60 

65 

6 
usually range from about —700 C. to about 150° C., preferably 
from about —200 C. to about 50° C. The microembossing 
process is typically carried out at a temperature higher than 
the Tg. A heated male mold or a heated housing substrate 
against Which the mold presses may be used to control the 
microembossing temperature and pressure. 
As shoWn in FIGS. 2a and 2b, the mold is released during 

or after the precursor layer is hardened to reveal an array of 
microcups (23). The hardening of the precursor layer may be 
accomplished by cooling, solvent evaporation, cross-linking 
by radiation, heat or moisture. If the curing of the thermoset 
precursor is accomplished by UV radiation, UV may radiate 
onto the transparent conductor ?lm from the bottom or the top 
of the Web as shoWn in the tWo ?gures. Alternatively, UV 
lamps may be placed inside the mold. In this case, the mold 
must be transparent to alloW the UV light to radiate through 
the pre-patterned male mold on to the thermoset precursor 
layer. 

Preparation of the Male Mold 
The male mold may be prepared by a photoresist process 

folloWed by either etching or electroplating. A representative 
example for the preparation of the male mold is given in FIG. 
3. With electroplating (FIG. 3a), a glass base (30) is sputtered 
With a thin layer (typically 3000 A) of a seed metal (31) such 
as chrome inconel. It is then coated With a layer of photoresist 
(32) and exposed to UV. A mask (34) is placed betWeen the 
UV and the layer of photoresist (32). The exposed areas of the 
photoresist become hardened. The unexposed areas are then 
removed by Washing them With an appropriate solvent. The 
remaining hardened photoresist is dried and sputtered again 
With a thin layer of seed metal. The master (FIG. 3b) is then 
ready for electroforming. A typical material used for electro 
forming is nickel cobalt (33). Alternatively, the master can be 
made of nickel by nickel sulfamate electroforming or elec 
troless nickel deposition as described in “Continuous manu 
facturing of thin cover sheet optical media”, SPIE Proc. Vol. 
1663, pp. 324 (1992). The ?oor of the mold (FIG. 3d) is 
typically betWeen 50 to 400 microns thick. The master can 
also be made using other microengineering techniques 
including e-beam Writing, dry etching, chemical etching, 
laser Writing or laser interference as described in “Replication 
techniques for micro-optics”, SPIE Proc. Vol. 3099, pp 76-82 
(1 997). Alternatively, the mold can be made by photomachin 
ing using plastics, ceramics or metals. 

FIG. 4a is an optical pro?lometry three-dimensional pro 
?le of the typical microcups prepared by microembossing. 
FIG. 4b is an optical microscopic picture shoWing the open 
ings of the microcups from the top vieW. FIG. 40 is the optical 
pro?lometry vertical cross-section vieW of a roW of micro 
cups shoWing their depth. 

I(b) Preparation of the Microcups by ImageWise Exposure 
Alternatively, the microcups may be prepared by image 

Wise exposure (FIG. 5a) of a radiation curable material (51) 
coated on a conductor ?lm (52) to UV or other forms of 
radiation through a mask (50). The conductor ?lm (52) is on 
a plastic substrate (53). 

For a roll-to-roll process, the photomask may be synchro 
niZed With the Web and move at the same speed as the latter. 
In the photomask (50) in FIG. 5a, the dark squares (54) 
represent the opaque area and the space (55) betWeen the dark 
squares represents the opening area. The UV radiates through 
the opening area (55) onto the radiation curable material. The 
exposed areas become hardened and the unexposed areas 
(protected by the opaque area in the mask) are then removed 
by an appropriate solvent or developer to form the microcups 
(56). The solvent or developer is selected from those com 
monly used for dissolving or reducing the viscosity of radia 
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tion curable materials such as methylethylketone, toluene, 
acetone, isopropanol or the like. 

FIGS. 5b and 5c illustrate tWo other options for the prepa 
ration of microcups by imageWise exposure. The features in 
these tWo ?gures are essentially the same as shoWn in FIG. 5a 
and the corresponding parts are also numbered the same. In 
FIG. 5b, the conductor ?lm (52) used is opaque and pre 
pattemed. In this case, it may be advantageous to imageWise 
expose the radiation sensitive material through the conductor 
pattern Which serves as the photomask. The microcups (56) 
can then be formed by removing the unexposed areas after 
UV radiation. In FIG. 50, the conductor ?lm (52) is also 
opaque and line-pattemed. The radiation curable material is 
exposed from the bottom through the conductor line pattern 
(52) Which serves as the ?rst photomask. A second exposure 
is performed from the other side through the second photo 
mask (50) having a line pattern perpendicular to the conduc 
tor lines. The unexposed area is then removed by a solvent or 
developer to reveal the microcups (56). 

In general, the microcups can be of any shape, and their 
siZes and shapes may vary. The microcups may be of substan 
tially uniform siZe and shape in one system. HoWever, in order 
to maximiZe the optical effect, microcups having a mixture of 
different shapes and siZes may be produced. For example, 
microcups ?lled With a dispersion of the red color may have 
a different shape or siZe from the green microcups or the blue 
microcups. Furthermore, a pixel may consist of different 
numbers of microcups of different colors. For example, a 
pixel may consist of a number of small green microcups, a 
number of large red microcups, and a number of small blue 
microcups. It is not necessary to have the same shape and 
number for the three colors. 

The openings of the microcups may be round, square, 
rectangular, hexagonal, or any other shape. The partition area 
betWeen the openings is preferably kept small in order to 
achieve a high color saturation and contrast While maintain 
ing desirable mechanical properties. Consequently the hon 
eycomb-shaped opening is preferred over, for example, the 
circular opening. 

For re?ective electrophoretic displays, the dimension of 
each individual microcup may be in the range of about 102 to 
about 5><105 umz, preferably from about 103 to about 5><104 
umz. The depth of the microcups is in the range of about 3 to 
about 100 microns, preferably from about 10 to about 50 
microns. The ratio betWeen the area of opening to the area of 
cell Walls is in the range of from about 0.05 to about 100, 
preferably from about 0.4 to about 20. The Width of the 
openings usually are in the range of from about 15 to about 
450 microns, preferably from about 25 to about 300 microns 
from edge to edge of the openings. 

II. Preparation of the Suspension/Dispersion 
The microcups are ?lled With charged pigment particles 

dispersed in a dielectric solvent. The dispersion may be pre 
pared according to methods Well knoWn in the art such as US. 
Pat. Nos. 6,017,584, 5,914,806, 5,573,711, 5,403,518, 5,380, 
362, 4,680,103, 4,285,801, 4,093,534, 4,071,430, 3,668,106 
and IEEE Trans. Electron Devices, ED-24, 827 (1977), and]. 
Appl. Phys. 49(9), 4820 (1978). The charged pigment par 
ticles visually contrast With the medium in Which the particles 
are suspended. The medium is a dielectric solvent Which 
preferably has a loW viscosity and a dielectric constant in the 
range of about 1 to about 30, preferably about 1.5 to about 15 
for high particle mobility. Examples of suitable dielectric 
solvents include hydrocarbons such as decahydronaphtha 
lene (DECALIN), 5-ethylidene-2-norbornene, fatty oils, par 
a?in oil, aromatic hydrocarbons such as toluene, xylene, phe 
nylxylylethane, dodecylbenZene and alkylnaphthalene, 
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8 
halogenated solvents such as per?uorodecalin, per?uorotolu 
ene, per?uoroxylene, dichlorobenZotri?uoride, 3,4,5-trichlo 
robenZotri?uoride, chloropenta?uoro-benZene, dichlo 
rononane, pentachlorobenZene, and per?uorinated solvents 
such as FC-43TM, FC-70TM and FC-5060TM from 3M Com 
pany, St. Paul Minn., loW molecular Weight halogen contain 
ing polymers such as poly(per?uoropropylene oxide) from 
TCI America, Portland, Oreg., poly(chlorotri?uoroethylene) 
such as Halocarbon Oils from Halocarbon Product Corp., 
River Edge, N.J., per?uoropolyalkylether such as GaldenTM 
from Ausimont or KrytoxTM Oils and Greases K-Fluid Series 
from DuPont, DelaWare. In one preferred embodiment, poly 
(chlorotri?uoroethylene) is used as the dielectric solvent. In 
another preferred embodiment, poly(per?uoropropylene 
oxide) is used as the dielectric solvent. 

In addition to the charged primary pigment particles such 
as TiO2 particles, the electrophoretic ?uid may be colored by 
a contrasting colorant. The contrast colorant may be formed 
from dyes or pigments. Nonionic aZo, anthraquinone and 
phthalocyanine dyes or pigments are particularly useful. 
Other examples of useful dyes include, but are not limited to, 
Oil Red EGN, Sudan Red, Sudan Blue, Oil Blue, Macrolex 
Blue, Solvent Blue 35, Pylam Spirit Black and Fast Spirit 
Black from Pylam Products Co., AriZona, Sudan Black B 
from Aldrich, Thermoplastic Black X-70 from BASF, 
anthraquinone blue, anthraquinone yelloW 114, 
anthraquinone reds 111 and 135 and anthraquinone green 28 
from Aldrich. In case of an insoluble pigment, the pigment 
particles for generating the color of the medium may also be 
dispersed in the dielectric medium. These color particles are 
preferably uncharged. If the pigment particles for generating 
color in the medium are charged, they preferably carry a 
charge Which is opposite from that of the charged pigment 
particles. If both types of pigment particles carry the same 
charge, then they should have different charge density or 
different electrophoretic mobility. In any case, the dye or 
pigment for generating color of the medium must be chemi 
cally stable and compatible With other components in the 
suspension. 
The charged pigment particles may be organic or inorganic 

pigments, such as TiO2, phthalocyanine blue, phthalocyanine 
green, diarylide yelloW, diarylide AAOT yelloW, and quinac 
ridone, aZo, rhodamine, perylene pigment series from Sun 
Chemical, Hansa yelloW G particles from Kanto Chemical, 
and Carbon Lampblack from Fisher. Submicron particle siZe 
is preferred. The particles should have acceptable optical 
characteristics, should not be sWollen or softened by the 
dielectric solvent, and should be chemically stable. The 
resulting suspension must also be stable against sedimenta 
tion, creaming or ?occulation under normal operating condi 
tions. 

The pigment particles may exhibit a native charge, or may 
be charged explicitly using a charge control agent, or may 
acquire a charge When suspended in the dielectric solvent. 
Suitable charge control agents are Well knoWn in the art; they 
may be polymeric or non-polymeric in nature, and may also 
be ionic or non-ionic, including ionic surfactants such as 
Aerosol OT, sodium dodecylbenZenesulfonate, metal soap, 
polybutene succinimide, maleic anhydride copolymers, 
vinylpyridine copolymers, vinylpyrrolidone copolymer 
(such as GanexTM from International Specialty Products), 
(meth)acrylic acid copolymers, and N,N-dimethylaminoet 
hyl(meth)acrylate copolymers. Fluorosurfactants are particu 
larly useful as charge controlling agents in ?uorocarbon sol 
vents. These include FC ?uorosurfactants such as 

FC-170CTM, FC-171TM, FC-176TM, FC430TM, FC431TM and 
















